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Abstract 
The purpose of this research was to synthesize porous activated carbon particles 
from rice straw waste and investigate their adsorption properties. Production of 
porous carbon particles involved several steps: (i) burning rice straw waste; (ii) 
ball-mill process; and (iii) the activation treatment. To achieve the optimum 
process in the activation treatment, the concentration of activating agent (i.e. 
potassium hydroxide) was varied. Experimental results showed that this method 
is effective to create porous carbon particles. Control of the porosity is also 
possible by managing the amount of activation agent (i.e. potassium hydroxide). 
The higher concentration of activation agent has a direct correlation to produce 
more cavities in the material. The study also confirms that the change in 
porosity has a direct impact to the ability of the product for adsorbing 
molecules. Since the present method is converting rice straw waste into useful 
and valuable porous carbon particles, further development of this study would 
give a positive impact for the reduction of rice straw waste emission. 
Keywords: Rice straw waste, Ball-milling process, Etching treatment, Carbon 
material, Silica nanoparticles. 
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1. Introduction 
Rice straw in agricultural country raises environmental issues [1]. Since the rice 
straw is a byproduct of rice, the existence of rice straw relates to the production of 
rice, while the production of rice increases every year [2]. For example, 
Indonesian Statistic Bureau in 2015 recorded that the rice production is 75.36 
million tons [3]. Indeed, this huge amount of rice makes the number of rice straw 
waste reaching 12-15 tons per year.  
In the conventional method, rice straw waste is typically used for roofing and 
packing material, feed, fertilizer, and fuel [2]. These methods used; however, will 
soon end as advanced economics and technology make them unprofitable. 
Further, un-utilized rice straw waste is then disposed and burned in the rice field, 
contributing severe air pollution issues [4]. Many methods have been suggested to 
be against the use of this abundant material, such as isolation of the silica 
component from the rice straw [5-9]. Other strategies are reported by utilizing the 
carbon component from the rice straw waste [10,11]. Although the above methods 
are good for further uses, there are questionable, specifically for the scale up 
process and highly utilization of rice straw waste. In fact, the highly application of 
rice straw waste is important for degrading the amount of this abundant byproduct. 
In this context, based on our previous works on utilizing rice straw waste [4, 
9, 12-15], this study aims to produce porous carbon particles from rice straw 
waste and to investigate their adsorption properties. The adsorption properties are 
important to comprehend, specifically for further applications, specifically as the 
adsorbent. Different from other report that uses directly activation treatment only 
[10], this report used combination of ball-mill process and activation treatment for 
making the produced carbon particles to have smaller sizes with larger surface 
area. Experimental results showed that porous carbon particles were prepared, and 
the utilization of ball-mill process is effective to reduce the particle size, shown 
by the electron microscope analysis. Control of the porosity is also possible by 
managing the amount of activation agent (i.e. potassium hydroxide). The 
concentration of activation agent has a positive impact on the creation of cavities 
in the material. Indeed, this has a direct correlation to the ability of the product for 
adsorbing molecules.  
 
2. Experimental Method  
2.1. Chemicals 
Porous carbon materials were produced using the following raw materials: rice 
straw waste (Subang, Indonesia) and potassium hydroxide (KOH; 98%, technical 
grade, PT. Bratachem, Indonesia). We also used Rhodamine B (RhB; Wako 
Chemical, Japan) for investigating the adsorption ability of the product. 
 
2.2. Production of porous carbon materials 
The experimental procedure of the production of porous carbon particles involved 
several steps: (i) burning rice straw waste (for converting organic component in 
the rice straw waste into carbon); (ii) ball-mill process (for grinding and forming 
smaller-sized carbon particles); and (iii) the activation treatment (for removing 
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inorganic components from the burned rice straw to result higher surface area). 
Detailed information is described in the following. 
 
2.2.1. Burning rice straw 
Rice straw was washed, cut into small size (sizes of about 2 cm), and dried 
naturally for three days. After that, the dried rice straw was burned at 250°C for 
about 4 hours. The burned rice straw is namely rice straw ash. The rice straw 
waste was then put into the next step, i.e. ball-mill process. 
 
2.2.2. Ball-mill process 
The ball-milling process of rice straw ash was carried out in our ball-milling 
apparatus. To support the ball-milling process, 8-mm stainless steel balls were 
used. The mass ratio of the milling ball and the rice straw waste was fixed at 50. 
The ball-mill process was conducted in the atmosphere condition at 80 rpm for 60 
minutes. The sample was then taking and separated from milling balls using a 5-
mesh stainless-steel filter.  
 
2.2.3. Activation treatment 
The resultant of the ball-milling process was put into the extraction process using 
the alkaline solution (containing KOH) under a specific condition (temperature of 
60°C; stirring rate of 600 rpm; 2 hours of reaction). The mixed solution was then 
filtered, and the carbon product was taken in the filter. To ensure the impact of 
alkaline solution on the activation treatment, a mole ratio of KOH and heated rice 
straw was varied from 0 to 3. The ratio of 0 defines that the burned rice straw was 
washed using the ion-exchanged water without KOH.  
 
2.3. Characterizations 
Morphology and size of the product were analyzed using a scanning electron 
microscope (SEM, JSM-6360LA; JEOL Ltd., Japan) and a Transmission Electron 
Microscopy (TEM, JEM-1400, JEOL Ltd., Japan). The elemental structure of the 
product was analyzed using an X-Ray Diffraction (XRD; PANalytical X’Pert 
PRO; Philips Corp., The Netherland), a Thermo Gravity Differential Thermal 
Analysis (TG-DTA, DTG 60A TA 60 WS, Shimadzu Corp., Japan), an Atomic 
Absorption Spectroscopy (AAS, Varian Spectra 240 FS, Varian Inc., US), a 
Fourier Transform Infra Red (FTIR, FTIR-8400, Shimadzu Corp., Japan), and 
gravimetry analysis. To observe the specific surface area of the prepared 
materials, Brunauer–Emmett–Teller measurements (BET; BELSORP28SA, Bel 
Japan, nitrogen adsorption isotherms at 77.15K) were performed.  
To examine the chemical adsorption ability, the prepared carbon particles 
were mixed with RhB. The sample was taken every several minutes, and the 
concentration of RhB was analyzed using UV-Vis spectrophotometer (UV-3150; 
Single beam; Shimadzu, Japan). 
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3.  Results and discussion 
Figure 1 represents the TG-DTA analysis of rice straw waste. The TG analysis 
showed the changes in the mass during the heating process, whereas the DTA 
analysis detected some exothermic and endothermic reactions. The chemical 
composition analysis confirmed that the burned rice straw waste has about 84 
wt.% of silica. During the heating process, several incidents happened:  
i. 20-100°C (5.20wt% of mass reduction due to the evaporation of water with 
an endothermic peak at 50.06°C);  
ii. 250-320°C (47.80wt% of mass reduction due to the cellulose and 
hemicellulose degradation with an exothermic peak at 298.54°C) [7, 16]. 
iii. 330-470°C (24.73wt% of mass reduction due to the lignin degradation with 
an exothermic peak at 442.47°C) [7]. 
iv. Higher than 500°C (no mass reduction, indicating that organic components in 
the rice straw had been fully converted into ash with a final mass of 22.27 wt%). 
Based on the results above, the minimum temperature for rice straw 
decomposition is 250°C. Although higher temperature is possible to start the 
decomposition, the amount of the carbon produced will be less than the 
decomposition process of the rice straw at 250°C. Thus, this is the fundamental 
reason for the selection of the temperature (250°C) for the burning process in the study.  
 
Fig. 1. TG-DTA analysis results of rice straw waste.                                        
The insert table is the chemical composition in rice straw. 
Figure 2 shows the electron microscope images and the nitrogen sorption 
analysis results of burning rice husk samples before and after the activation 
treatment. After the burning process, the high magnification of electron 
microscope images in Figs. 2(a)-(b) depicted the solid and dense material. Then, 
after the activation treatment (Figs. 2(c)-(d)), porous structures in the material was 
detected. The sizes of the pores were less than 10 nm. 
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Fig. 2. SEM (a and c), TEM (c and d), and nitrogen sorption (e) analysis 
results of rice straw ash. Figures (a) and (b) are for rice straw ash sample 
before the activation treatment, whereas Figures (c) and (d) are for sample 
after the activation treatment. The insert image in Figure (e) is the BJH 
result for pore analysis result. The activation process was conducted with the 
KOH-and-ash ratio of 1.00. 
Figure 2 shows the nitrogen analysis results of samples before and after the 
activation treatment. The nitrogen sorption analysis showed that the sample after 
the activation treatment exhibited a characteristic type-II isotherm, whereas the 
isotherm of the sample before the activation treatment was relatively constant. 
The maximum volume adsorption for the sample before the activation treatment 
was negligible compared with that for the sample after the activation treatment 
(112 cm
3
/g). 
The Barrett–Joyner–Halenda (BJH) results show differences between the 
curve distributions of the samples (see insert image in Fig. 2(e)). The curve 
distribution for the sample before the activation treatment was relatively constant, 
showing no mesopore detection in the sample. In the case of sample after the 
activation treatment, pore sizes were in the range of mesopore with the maximum 
peak of 2 nm, which is in a good agreement with the TEM result in Fig. 2(d). The 
specific surface areas (using Brunauer–Emmett–Teller (BET) theory) of samples 
before and after activation treatment were 7.45 and 100.77 m
2
/g. The increases in 
the surface areas (more than 100 times) were due to the existence of porous 
structure in the final material. The activation treatment was used to remove the 
impurities relating to silica component (by dissolving this material becoming 
aqueous ions) [10]. Silica was the main target for the removal process because 
this material is the most occupied inorganic components in the rice straw [9, 12, 
13, 17]. The removal silica promotes the obtainment of high purity carbon 
product with large surface area. 
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Figure 3 is the TEM images of the resulting carbon materials after the 
activation treatment with various mole ratios of KOH and rice straw ash. 
Figures 3(a), (b), (c), (d), and (e) are the samples prepared with the ratios of 
0.00; 0.32; 0.65; 1.00; and 3.00, respectively. In the initial condition (without 
additional KOH; see Fig. 3(a), the dense particles are revealed. The increases in 
the KOH amount resulted in the formation of porous structure. The pores were 
detected when using the ratio of higher than 0.32 (See Fig. 3(b)). Further 
increases in the KOH concentration result the porous-structured particles (See 
Figs. 3(c-e)). Based on the above TEM results, porous carbon was successfully 
synthesized when using the ratio of higher than 1.00 with an average pore size 
of 8.50 ± 1.41 nm (See Fig. 3(d)). Aggregation of carbon particles decreased 
with increasing mass of KOH. 
To confirm the effect of KOH amount on the formation of porous structure, 
gravimetric analysis of samples after the activation treatment with various 
amounts of KOH was conducted, as shown in Fig. 3(f). The result showed that the 
more additional KOH has a consequence to the less remained silica in the sample. 
The more KOH has ability to remove silica. Thus, this result was in a good 
agreement with the TEM result in Fig. 3(d). However, excess KOH amount 
seemed to have no impact on the porous structuration in the particle. 
 
Fig. 3. TEM images of samples treated using various KOH amounts.           
(a), (b), (c), (d), and (e) are the samples prepared with the mole ratios of 0.00; 
0.32; 0.65; 1.00; and 3.00, respectively; (f) is the remained silica component 
in the sample using conventional gravimetry. 
Figure 4(a) is the XRD results of rice straw after the burning and activation 
treatment with various mole ratios of KOH and rice straw ash. In general, the 
majority of XRD pattern for all samples are amorphous. In the case of rice straw 
ash, the broadening curve in the range of 17 and 35° indicates the existence of 
amorphous silica. Then, several peaks were detected, which were identical to 
CaMgSi2O5, CaMg(CO3)2, and graphite. After the activation process, the peaks 
shifted. When sample was activated with water only (the ratio of 0.00), the peaks 
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of CaMgSi2O5, CaMg(CO3)2, and graphite were revealed clearer. Then, when 
sample was activated with alkaline solution, no peak of CaMgSi2O5 was 
identified, and the major peaks of graphite appeared at 27°. However, when 
sample was activated with excess amount of alkaline, peaks relating to K2CO3 and 
K2O dominated in the sample. 
Figure 4(b) is the FTIR results of rice straw before and after the activation 
treatment with various ratios of KOH and rice straw ash. The spectra of rice straw 
ash showed the absorption peaks for the functional groups of carbon and silica. In 
all samples, peaks at 1385 and 1660 cm
-1
 were detected, reflecting C – H bending 
[18] and C = O stretching [19], respectively. In the case of rice straw ash, peak at 
about 1100 cm
-1
 was detected, which was identical to Si-O-Si asymmetric 
stretching [20]. This silica peak decreased with the additional activation 
treatment, and the peak disappeared after activated with ratio of more than 0.65, 
confirming the removal of silica component. In addition, when activated with 
excess amount of alkaline (see sample with ratio of 3.00), unique peaks that are 
different from other samples were detected. These peaks were possibly due to the 
existence of potassium-related compound in the product. 
 
Fig. 4. The XRD (a) and FTIR (b) analysis results  
of samples prepared with various ratios of KOH and raw ash. 
Based on the above XRD and FTIR results, the major loss of silica-related 
components demonstrates the successful extraction of silica from the rice straw 
ash. The more additional KOH amount in the activation treatment allows to the 
less fraction of silica remained in the material. This hypothesis is in a good 
agreement with the above TEM images in Fig. 3. However, the amount of 
potassium used for activation treatment must be considered. Too much 
concentration of potassium leads to the domination of potassium itself (forming 
the impurities of K2CO3 and K2O). Further, excess amount of KOH proceeds 
intercalation of potassium ion into the carbon structure, which in turn catalyzing 
the oxidation of carbon material, forming composite, and changing the porous 
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structure. Further, this intercalation promotes to the formation of anomaly result 
such as some crystalline graphite structure. However, to ensure this phenomenon, 
further analysis must be done and will be conducted in our future work. 
To ensure the detailed adsorption properties of the sample, the Beer’s law at 
550 nm in the UV Vis spectra result is shown in Fig. 5. The RhB concentration 
decreased along with the increase in adsorption time. This was due to the 
adsorption of the RhB by the particles. Different rates of adsorption were found, 
depending on the use of samples. When there is no additional samples (see 
sample “RhB only” in the dashed-and-dot line), there is no change in the RhB 
concentration. However, when the rice straw ash was added, the concentration of 
RhB starts to decrease (see sample “RhB + raw ash” in the dashed line). 
Additional sample etched without alkaline solution (See “RhB + sample (ratio of 
0.00) results in the small change in the adsorption rate. The small change is due to 
the change of particle size (impact of the ball mill process) and release of some 
inorganic ions (effect of activation treatment with water on the leaching some 
salts, e.g. NaCl, KCl, etc.). Then, adding samples etched with alkaline solution 
leads to the faster decreasing rate of RhB concentration. The higher concentration 
of KOH in the activation treatment is proportional to the faster decreasing rate of 
RhB concentration. After 15 minutes of the adsorption process, the remained 
concentration of RhB after adsorbing by samples with raw ash was about 70 
wt.%. The use of sample with different ratios showed changes in the adsorption 
process of RhB. Furthermore, the samples were proven to have better adsorption 
performance than those using raw ash. The remained concentrations of RhB after 
15 minutes of adsorption process using sample with ratios of 0.00; 0.32; 0.65; 
1.00; and 3.00 were about 64, 59, 53, 49, and 43 wt.%, respectively.   
The use of samples with higher ratios leads to the better adsorption 
performance. This informs that the ratio relates to the formation of pores in the 
carbon particles. The more number of kalium added (which leads to the removal 
of silica), the more cavities can be created. 
 
Fig. 5. Detailed adsorption of RhB as a function of time using various samples. 
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In addition, the use of sample with the ratio of 3.00 showed better adsorption 
process than that with the ratio of 1.00. However, the ratio of 3.00 creates 
problems, regarding the employment of too much amount of potassium in the 
process. Indeed, this allows the existence of potassium-related impurities in the 
final product. Although the impact of the existence of potassium-related 
impurities on the adsorption performance was not clarified yet in this study, the 
possibility of change in the other material performance can be created. This 
follow-up study will be done in our future work.  
Figure 6 shows illustration mechanism for the production of carbon particles 
from rice straw waste based on the above results. The process requires at least 
three steps, including the burning process, the ball-mill process, and the activation 
treatment. The first step is a burning process. Since most of the rice straw 
components are organic-related compounds [5], burning the rice straw is effective 
to convert organic components into carbon material [2, 11]. Next, the second step 
is the ball mill process, which is effective for breaking the rice straw ash into 
smaller-sized particles. Finally, the last step is the activation treatment that is used 
for converting silica component (embedded in the ash) into silicic acid (Si(OH)4) 
[17, 21]. Silicic acid is a water-dissolved chemical; thus, the removal of this silica 
component creates porous structure in the final particle. Based on the above 
result, the additional KOH has impacts on the creation of porous structure in the 
particle (verified in TEM images in Fig. 3). Indeed, the more pores in the particle 
would make the more possibility particle to adsorb RhB (confirmed in BET 
analysis results in Figs. 2(f)). 
 
Fig. 6. Schematic illustration of the formation  
of carbon porous particles from rice straw waste. 
 
4. Conclusion 
A method for the production of porous carbon particles from rice straw waste has 
been demonstrated. Experimental results showed that the present method is 
effective to create porous carbon particles. Control of the porosity is also possible 
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by managing the amount of activation agent (i.e. potassium hydroxide). The 
change in porosity has a direct impact to the ability of the product for adsorbing 
molecule. Since the present method is converting rice straw waste into useful and 
valuable porous carbon particles, further development of this study would give a 
positive impact for the reduction of rice straw waste emission. 
 
Acknowledgements 
We acknowledged RISTEK-DIKTI for supporting the present study (Grant: 
Penelitian Unggulan Perguruan Tinggi (PUPT) and Penelitian Produk Terapan 
(PPT)). We also thank to Taufik Rahman and Muhammad Abqori Fadhululloh for 
assisting this research. 
 
References 
1. Van Soest, P. (2006). Rice straw, the role of silica and treatments to improve 
quality. Animal Feed Science and Technology, 130(3), 137-171. 
2. Han, Y.; and Anderson, A. (1974). The problem of rice straw waste a possible 
feed through fermentation. Economic Botany, 28(3), 338-344. 
3. BPS. (2016). Produksi Padi tahun 2015 naik 6,37 persen  Retrieved 24 
December 2016, from https://www.bps.go.id/brs/view/id/1271 
4. Permatasari, N.; Sucahya, T.N.; and Nandiyanto, A.B.D. (2016). Review: 
Agricultural Wastes as a Source of Silica Material. Indonesian Journal of 
Science and Technology, 1(1), 82-106. 
5. Zaky, R.; Hessien, M.; El-Midany, A.; Khedr, M.; Abdel-Aal, E.; and El-
Barawy, K. (2008). Preparation of silica nanoparticles from semi-burned rice 
straw ash. Powder Technology, 185(1), 31-35. 
6. Khorsand, H.; Kiayee, N.; and Masoomparast, A.H. (2013). Optimization of 
amorphous silica nanoparticles synthesis from rice straw ash using design of 
experiments technique. Particulate Science and Technology, 31(4), 366-371. 
7. Lu, P.; and Hsieh, Y.L. (2012). Preparation and characterization of cellulose 
nanocrystals from rice straw. Carbohydrate Polymers, 87(1), 564-573. 
8. Wattanasiriwech, S.; Wattanasiriwech, D.; and Svasti, J. (2010). Production of 
amorphous silica nanoparticles from rice straw with microbial hydrolysis 
pretreatment. Journal of Non-Crystalline Solids, 356(25), 1228-1232. 
9. Nandiyanto, A.; Rahman, T.; Fadhlulloh, M.; Abdullah, A.; Hamidah, I.; and 
Mulyanti, B. (2016). Synthesis of silica particles from rice straw waste using a 
simple extraction method. IOP Conference Series: Materials Science and 
Engineering, 128, 012040. 
10. Basta, A.; Fierro, V.; El-Saied, H.; and Celzard, A. (2009). 2-Steps KOH 
activation of rice straw: an efficient method for preparing high-performance 
activated carbons. Bioresource Technology, 100(17), 3941-3947. 
11. Ioannidou, O.; and Zabaniotou, A. (2007). Agricultural residues as precursors 
for activated carbon production—a review. Renewable and Sustainable Energy 
Reviews, 11(9), 1966-2005. 
Porous Activated Carbon Particles from Rice Straw Waste . . . . 11 
 
 
 
Journal of Engineering Science and Technology              Special Issue 10/2017 
 
12. Nandiyanto, A.; Permatasari, N.; Sucahya, T.; Abdullah, A.; and Hasanah, L. 
(2017). Synthesis of Potassium Silicate Nanoparticles from Rice Straw Ash 
Using a Flame-assisted Spray-pyrolysis Method. IOP Conference Series: 
Materials Science and Engineering, 180, 012133. 
13. Nandiyanto, A.; Permatasari, N.; Sucahya, T.; Purwanti, S.; Munawaroh, H.; 
Abdullah, A.; and Hasanah, L. (2017). Preparation of Potassium-Posphate-
embedded Amorphous Silicate Material from Rice Straw Waste. IOP 
Conference Series: Materials Science and Engineering, 180, 012138. 
14. Rahman, T.; Fadhlulloh, M.A.; Nandiyanto, A.B.D.; and Mudzakir, A. (2015). 
Review: Sintesis karbon nanopartikel. Jurnal Integrasi Proses, 5(3), 120-131. 
15. Nandiyanto, A.B.D.; Zaen, R.; Oktiani, R.; Abdullah, A.G.; and Danuwijaya, 
A.A. (in press). Monodispersed and Size-controllable Potassium Silicate 
Nanoparticles from Rice Straw Waste Produced Using A Flame-assisted Spray 
Pyrolysis. Pertanika Journal of Science and Technology. 
16. Umeda, J.; and Kondoh, K. (2008). High-purity amorphous silica originated in 
rice husks via carboxylic acid leaching process. Journal of Materials Science, 
43(22), 7084-7090. 
17. Minu, K.; Jiby, K.K.; and Kishore, V. (2012). Isolation and purification of 
lignin and silica from the black liquor generated during the production of 
bioethanol from rice straw. Biomass and Bioenergy, 39, 210-217. 
18. Khandanlou, R.; Ahmad, M.B.; Shameli, K.; and Kalantari, K. (2013). 
Synthesis and characterization of rice straw/Fe3O4 nanocomposites by a quick 
precipitation method. Molecules, 18(6), 6597-6607. 
19. Falco, C.; Sieben, J.M.; Brun, N.; Sevilla, M.; Van der Mauelen, T.; Morallón, 
E.; Cazorla‐Amorós, D.; and Titirici, M.M. (2013). Hydrothermal Carbons 
from Hemicellulose‐Derived Aqueous Hydrolysis Products as Electrode 
Materials for Supercapacitors. ChemSusChem, 6(2), 374-382. 
20. Simonsen, M.E.; Sønderby, C.; Li, Z.; and Søgaard, E.G. (2009). XPS and FT-
IR investigation of silicate polymers. Journal of Materials Science, 44(8), 2079. 
21. Kalapathy, U.; Proctor, A.; and Shultz, J. (2000). A simple method for production 
of pure silica from rice hull ash. Bioresource Technology, 73(3), 257-262. 
